ical practice [4] . The agent promotes insulin secretion similarly to sulfonylurea but its effect is in theory limited to postprandial and hyperglycemic period, which is in contrast to sulfonylurea. Its pinpoint hypoglycemic effect was therefore expected to improve blood glucose fluctuation in diabetic patients under BOT.
The aim of the current study was to investigate whether the addition of DPP-4 inhibitor and the dose reduction of sulfonylurea could improve blood glucose fluctuation in type 2 diabetic patients with BOT.
patients and Methods
We retrospectively analyzed the data of twentytwo consecutive Japanese patients with type 2 diabetes mellitus who had blood glucose fluctuation under the combination therapy of insulin glargine, long-acting insulin analogue, and glimepiride, sulfonylurea, and thereby had sitagliptin, DDP-4 inhibitor, initiated with glimepiride tapered. Blood glucose fluctuation was defined by seven-point self-monitoring blood glucose (SMBG) on three days as follows: 1) the highest ©The Japan Endocrine Society nine (41%) were female. They were 64 ± 8 years old, and their baseline hemoglobin A1c levels were 7.4 ± 0.6%, under BOT with 13 ± 7 units per day of insulin glargine and 0.7 ± 0.3 mg per day of glimepiride. Their minimum and maximum blood glucose levels at baseline were 4.7 ± 1.2 mmol/L (84 ± 21 mg/dL) and 14.2 ± 3.2 mmol/L (256 ± 58 mg/dL), respectively. The minimum blood glucose levels were observed before breakfast in four patients (18%), two hours after breakfast in two patients (9%), before lunch in nine patients (41%), two hours after lunch in one patient (5%), before supper in four patients (18%), and at bedtime in two patients (9%). The maximum blood glucose levels were observed two hours after breakfast in three patients (14%), two hours after lunch in ten patients (45%), two hours after supper in seven patients (32%), and at bedtime in two patients (9%). Their average blood glucose profiles at baseline were as follows: 6.7 ± 0.9 mmol/L before breakfast, 9.1 ± 3.5 mmol/L two hours after breakfast, 6.3 ± 1.8 mmol/L before lunch, 11.5 ± 2.8 mmol/L two hours after lunch, 7.5 ± 3.0 mmol/L before supper, 10.7 ± 2.6 mmol/L two hours after supper, and 9.1 ± 2.3 mmol/L at bedtime. Twenty patients (91%) had their minimum glucose levels less than 6.1 mmol/l, whereas the prevalence of fasting (pre-breakfast) glucose levels < 6.1 mmol/L was only 32% (n = 7).
Two months after sitagliptin add-on, twenty patients (91%) had sitagliptin titrated to 100 mg per day, whereas the rest two (9%) kept the dosage of 50 mg per day. On the other hand, glimepiride was finally tapered to 0.5 mg per day in five patients (23%), and was withdrawn in the rest seventeen (77%). Five patients (23%) had the dosage of insulin glargine increased, whereas blood glucose level was ≥ 10.0 mmol/L (180 mg/dL) whereas the lowest blood glucose level was below 5.0 mmol/L (90 mg/dL) and therefore the range exceeded 5.0 mmol/L (90 mg/dL), or 2) the equivalent range (i.e., > 5.0 mmol/L) existed between the minimum and maximum blood glucose levels, where the minimum glucose level achieved the target recommended by the Japan Diabetes Society (i.e., < 7.2 mmol/L) [5] . Their hypoglycemic medications administered were only insulin glargine and glimepiride and no other anti-diabetic medication was combined.
After the affirmation of their daily glucose fluctuation, sitagliptin, DPP-4 inhibitor, was initiated with a dose of 50 mg per day and titrated up to 100 mg per day when necessary. Glimepiride was reduced in dose by half or more at the same time of sitagliptin initiation. In some patients, the medication was further tapered, and sometimes withdrawn thereafter, which was judged by their daily blood glucose profiles. The dosage of insulin glargine was also adjusted if necessary, to escape undesirable hyperglycemia and hypoglycemia.
Glycemic control at baseline and two months after sitagliptin-combined therapy was evaluated with blood glucose profiles obtained from SMBG, as well as hemoglobin A1c levels. To assess blood glucose fluctuation, M-value [6] , glucose range (the difference between the maximum and minimum glucose levels), and coefficient of variation (CV) (standard deviation of glucose levels divided by their average values) were calculated. Hemoglobin A1c values were conversed to National Glycohemoglobin Standardization Program (NGSP) equivalent values in accordance with the official equation [7] . Hypoglycemia was defined as blood glucose levels less than 4.4 mmol/L. We also determined severe hypoglycemia as < 3.1 mmol/L [8] .
We performed the current study in accordance with the declaration of Helsinki, and it was approved by the local ethics committee. Informed consent was obtained from every participant in the current study. Data are given as means and standard deviations for continuous variables or as percentages for dichotomous variables. A p value less than 0.05 was considered to be significant. Statistical analyses were performed using IBM SPSS Statistics Version 19 (SPSS Inc.).
results Table 1 shows baseline characteristics of the study population. Thirteen patients (59%) were male and Data are means ± standard deviations or n (%). Mean, maximum, and minimum blood glucose were obtained from seven-point daily blood glucose profiles on three days.
the rest seventeen (77%) had the dosage unchanged or reduced. The average dosage of insulin glargine as a whole was 14 ± 7 units per day, with no statistical difference from that at baseline (p = 0.21). The average blood glucose profiles were: 7.0 ± 1.2 mmol/L before breakfast (+0.4 ± 1.3 mmol/L from baseline), 9.1 ± 2.5 mmol/L two hours after breakfast (-0.05 ± 2.8 mmol/L from baseline), 6.4 ± 1.1 mmol/L before lunch (+0.1 ± 1.5 mmol/L from baseline), 10.3 ± 2.2 mmol/L two hours after lunch (-1.2 ± 2.9 mmol/L from baseline), 7.2 ± 1.6 mmol/L before supper (-0.3 ± 2.5 mmol/L from baseline), 10.4 ± 2.0 mmol/L two hours after supper (-0.3 ± 2.5 mmol/L from baseline), and 8.8 ± 2.3 mmol/L at bedtime (-0.2 ± 3.1 mmol/L from baseline), respectively (all p > 0.05 vs. baseline). Table 2 shows the change of their glycemic control two months after the initiation of sitagliptin. Although mean blood glucose levels as well as hemoglobin A1c levels remained unchanged, M-value, glucose range, and CV were significantly reduced for two months (p = 0.04, 0.01, and < 0.01, respectively), indicating significant improvement of blood glucose fluctuation. Incidence of hypoglycemia (< 4.4 mmol/L) was reduced from 0.44 to 0.26 per person per day, but there was no statistical significance (p = 0.10). On the other hand, incidence of severe hypoglycemia (< 3.1 mmol/L) was significantly reduced from 0.07 to 0 per person per day (p = 0.04). We also performed these analyses in the seventeen patients whose insulin dosage was unchanged or reduced, excluding the five with insulin dosage increased. As a result, glucose range and CV were here again significantly decreased from 9.1 ± 2.3 mmol/L to 7.6 ± 2.6 mmol/L (p = 0.04), and from 33 ± 8% to 28 ± 9% (p < 0.01), respectively. M-value was also decreased from 17 ± 11 to 12 ± 6, but it did not Blood glucose range (mmol/L) 9.6 ± 2.9 7.9 ± 2.6 0.01
CV of blood glucose (%) 33 ± 8 29 ± 8 < 0.01
Data are means and standard deviations. Mean blood glucose, blood glucose range (the difference between the maximum and minimum glucose levels), coefficient of variation (CV), and M-value were calculated from seven-point daily blood glucose profiles on three days.
nylurea is combined with long acting insulin analogue. Numerous studies have demonstrated that blood glucose fluctuation is an independent risk factor for vascular endothelial dysfunction, atherosclerosis, cardiovascular diseases and mortality [15] [16] [17] [18] [19] [20] . Correcting blood glucose fluctuation is now a challenging problem in BOT, and it is of great clinical interest whether the glucose fluctuation can be corrected by DPP-4 inhibitors. The current study demonstrated that blood glucose fluctuation assessed by M-value, glucose range, and CV was significantly improved after initiating sitagliptin and tapering glimepiride in BOT. In addition, incidence of severe hypoglycemia (< 3.1 mmol/L) was significantly reduced whereas mean blood glucose levels as well as hemoglobin A1c levels were unchanged. In the current study, five patients had their dosage of insulin glargine increased, although the average dosage as a whole was not significantly increased. As was mentioned above, glucose-lowering effect of DPP-4 inhibitors was not superior but rather was sometimes inferior to that of sulfonylureas [13] . It would be of no surprise that some patients had their insulin dosage increased after the initiation of sitagliptin with reduction or withdrawal of glimepiride. When we performed analyses after excluding these five patients with their insulin dosage increased, the significant improvement of glucose fluctuation assessed by glucose range and CV, but not by M-value, was still observed. In this limited population, both incidence of hypoglycemia (< 4.4 mmol/L) and of severe hypoglycemia (< 3.1 mmol/L) were significantly decreased, with hemoglobin A1c and mean glucose levels unchanged. Sitagliptin ameliorates incretin effect by inhibiting DPP-4 activity and enhances insulin secretion in postprandial period [4] . Furthermore, its insulinotropic action is in theory limited to postprandial and hyperglycemic period, which could prevent unnecessary hypoglycemia. In addition, recent studies have demonstrated its favorable effects on glucagon secretion [21] and therefore they might also modify glucose fluctuation [22] . Taken together, it would be reasonable to observe improved blood glucose fluctuation under sitagliptin-combined BOT, although no data were available about insulin or glucagon secretion in the study population. Future studies will be needed to clarify these points.
In the current study, significant improvement was not observed when average blood glucose levels at seven points of SMBG were simply assessed. This finding was in contrast to the significant improvement cose range (p = 0.14 and 0.32).
discussion
The current retrospective single-arm study demonstrated significant improvement of blood glucose fluctuation after initiating sitagliptin and tapering glimepiride in type 2 diabetic patients with BOT. The major weakness of the current study was its study design and future prospective randomized controlled trials are needed to validate the current findings. Nonetheless, we believe that the current report is indicative in clinical practice, because little has been known about the change of blood glucose fluctuation in these clinical settings.
Some clinical trials already demonstrated the glucose-lowering effect of DPP-4 inhibitors in patients with insulin therapy [8] [9] [10] [11] [12] . However, they compared the addition of DPP-4 inhibitors to insulin therapy with the addition of placebo or no addition. In these clinical trials, they reported that DPP-4 inhibitors significantly improved hemoglobin A1c and fasting and post-meal glucose levels compared with placebo or no addition to insulin therapy. On the other hand, the reduction of hypoglycemia was not consistently observed among these trials. However, one must note that none of the trials compared DPP-4 inhibitors with sulfonylureas in patients with insulin therapy, and therefore it has remained unclear whether DPP-4 inhibitors lead to decreased hypoglycemia compared with sulfonylureas in insulin-treated patients.
In type 2 diabetic patients without insulin therapy, DPP-4 inhibitors had no advantage over sulfonylureas in reduction of hemoglobin A1c levels, as a recent meta-analysis revealed [13] . On the other hand, it was reported that DPP-4 inhibitors led fewer episodes of hypoglycemia than sulfonylureas [13] . Only a few reports compared postprandial glucose levels or glucose fluctuation between DPP-4 inhibitors and sulfonylureas, and some reports showed that postprandial glucose levels had little difference whereas fasting glucose levels under DPP-4 inhibitors were higher than those under sulfonylureas [14] . These previous findings suggested that DPP-4 inhibitors could be expected to lessen glucose fluctuation compared to sulfonylureas.
BOT is an effective option for glycemic control in patients with type 2 diabetes mellitus [1]. However, it has been pointed out that the therapy can mainly control fasting glucose levels but cannot necessarily correct blood glucose fluctuation, especially when sulfo-months glycemic control by DPP-4 inhibition improved nitric oxide release and reduced inflammation in rats, accompanying corrected postprandial hyperglycemia [23] . Although endothelial function and atherosclerosis were not evaluated in the current study, it is possible that BOT with DPP-4 inhibitor provides some favorable effect on them in human patients. Future large prospective studies will be needed to validate the efficacy of BOT with DPP-4 inhibitor not only on blood glucose fluctuation but also on endothelial function and atherosclerosis in human diabetic patients.
The current study had some limitations. First, we evaluated glucose fluctuation on the basis of the data of SMBG in daily life. We did not use test meal or prescribed diet. Therefore their glucose levels could be also influenced by what they ate during the observed period. However, we collected data of SMBG on three days but not on one specific day, which could lessen the influence to some extent. In addition, by using the data of daily life instead of load test, our data could rather successfully reflect "real world" in clinical practice.
Another limitation was the study design, as was mentioned above. Since the current study was retrospective and single-arm, future prospective controlled trials are needed to validate the current findings.
In conclusion, blood glucose fluctuation was significantly improved two months after adding sitagliptin and tapering glimepiride in type 2 diabetic Japanese patients who were treated by BOT with insulin glargine and glimepiride. Future prospective controlled trials are needed to validate the current findings. 
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of the indices of glucose fluctuation. This discrepancy might come from the fact that not a few patients experienced lower glucose levels after meal than those before meal. Indeed, these reduced glucose levels after meal were found in 17% of the observed pairs of preand post-prandial glucose profiles. Fourteen patients (64%) experienced such profiles at least one time, and three patients (14%) experienced the minimum glucose levels after meal (two after breakfast and one after lunch). Consequently, a series of postprandial glucose levels were not always composed of elevated glucose levels, whereas reduced glucose levels were not necessarily observed in preprandial periods. Simple calculation of average glucose levels in pre-and post-prandial periods had a risk of underestimation of glucose fluctuation. In contrast, the indices of glucose fluctuation used in the current study (i.e., M-value, glucose range, CV) could be free from these limitations. We believe that by using these indices, we could adequately evaluate the glucose fluctuation of the study population.
Subsequent analyses showed that the change of blood glucose fluctuation, but not any other baseline characteristic, was associated with its baseline value. The patients with greater blood glucose fluctuation were likely to have greater improvement of it. In the analyses, the statistical significance of the association was not consistently observed among the three indices of glucose fluctuation (i.e., M-value, glucose range, and CV). However, these indices do not necessarily reflect the same aspects of glucose fluctuation but rather have distinctive characteristics. For instance, M-value is an index reflecting deviation from 6.7 mmol/L of glucose levels [6] , whereas glucose range specializes in the difference of the two points (maximum and minimum). On the other hand, CV corrects glucose variation on the basis of its average value. It would be no surprise if different indices of glucose fluctuation provided different analytic results. Given their distinctive characteristics, their comprehensive interpretation would be valid in practice.
A recent in vivo study revealed that one-and two- Glimepiride combined with morning insulin glargine, bedtime neutral protamine hagedorn insulin, or bedtime insulin glargine in patients with type 2 diabetes. A
